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The current paper describes a line of cultured rat hepatoma cells
(McA-RH7777 cells) that mimics the behavior of rat liver by pro-
ducing an excess of mRNA for sterol regulatory element-binding
protein 1c (SREBP-1c) as opposed to SREBP-1a. These two tran-
scripts are derived from a single gene by use of alternative
promoters that are separated by many kilobases in the genome.
The high level of SREBP-1c mRNA is abolished when cholesterol
synthesis is blocked by compactin, an inhibitor of 3-hydroxy-3-
methylglutaryl CoA (HMG CoA) reductase that inhibits cholesterol
synthesis. Levels of SREBP-1c mRNA are restored by mevalonate,
the product of the HMG CoA reductase reaction, and by ligands for
the nuclear hormone receptor LXR, including 22(R)-hydroxycholes-
terol and T0901317. These data suggest that transcription of the
SREBP-1c gene in hepatocytes requires tonic activation of LXR by an
oxysterol intermediate in the cholesterol biosynthetic pathway.
Reduction of this intermediate lowers SREBP-1c levels, and this in
turn is predicted to lower the rates of fatty acid biosynthesis in
liver.

sterol regulatory element-binding proteins u statins u oxysterols u fatty acid
synthesis u nuclear receptors

S terol regulatory element-binding proteins (SREBPs) are a
family of three transcription factors that stimulate the syn-

thesis of sterols and unsaturated fatty acids in animal cells (1).
The SREBPs are synthesized as membrane-bound proteins, the
active portions of which must be released proteolytically to enter
the nucleus and activate transcription. Recent data indicate that
SREBPs are regulated at multiple levels including (i) the rate of
proteolytic cleavage (2) and (ii) the level of mRNA abundance
(3–10).

The SREBPs are tripartite proteins that are synthesized on
endoplasmic-reticulum (ER) membranes (1). The NH2-terminal
segment of '480 amino acids is a transcription factor of the basic
helix–loop–helix–leucine zipper family. This domain is followed
by a membrane-attachment domain of '90 amino acids consist-
ing of two membrane-spanning segments, separated by a short
hydrophilic loop. The COOH-terminal domain of '600 amino
acids performs a regulatory function. The NH2-terminal and
COOH-terminal domains of SREBPs project into the cytosol,
and only the short hydrophilic-loop projects into the ER lumen.
The SREBPs form complexes with SREBP cleavage-activating
protein, a polytopic membrane protein that escorts the SREBPs
from the ER to the Golgi complex (11–13). There, each SREBP
is cleaved sequentially by Site-1 protease and Site-2 protease,
which release the NH2-terminal fragment so that it can enter the
nucleus, in which it binds to sterol regulatory elements in the
promoters of multiple genes encoding enzymes required for the
synthesis of cholesterol and unsaturated fatty acids. When excess
cholesterol accumulates in cells, the movement of SREBPs from
ER to Golgi is blocked, proteolysis cannot occur, and the
transcription of the target genes declines (2, 13).

The three SREBPs are encoded by two genes designated
SREBP-1 and SREBP-2. The SREBP-1 gene gives rise to two
transcripts, SREBP-1a and SREBP-1c (1) that are produced

from alternate promoters separated by '14 kb in the human
genome (14) and '10 kb in the mouse genome (G. Liang, J.L.G.,
and M.S.B., unpublished observations). The two promoters give
rise to two different first exons that are spliced into a common
second exon (14–16). Thereafter, the two transcripts are iden-
tical. The first exon of the SREBP-1a gene encodes a 42-residue
acidic sequence at the NH2 terminus of the protein that renders
it a strong transcriptional activator that induces mRNAs for
genes encoding the enzymes for cholesterol and fatty acid
biosynthesis as well as the low-density lipoprotein receptor. The
SREBP-1c transcript has a shorter acidic activation domain (24
amino acids), and the protein acts selectively to increase mRNAs
for enzymes involved in the synthesis of unsaturated fatty acids.
The SREBP-2 transcript has a long activation domain (48 amino
acids). It is a potent activator of cholesterol synthesis and a
weaker activator of fatty acid biosynthesis (1, 17).

In permanent lines of nonhepatic cells such as mouse NIH 3T3
cells, human embryonic kidney (HEK)-293 cells, and Chinese
hamster ovary (CHO) cells, the SREBP-1a transcript is much
more abundant than the SREBP-1c transcript (16, 18; J.O.,
M.S.B., and J.L.G., unpublished observations). However, in
livers of animals and humans, in which fatty acid synthesis is
active, the SREBP-1c transcript is up to 10-fold more abundant
than the SREBP-1a transcript (16).

Early evidence indicated that nuclear SREBP-1 and SREBP-2
are regulated independently in liver. Thus, when hepatic cho-
lesterol levels were lowered in hamsters (19, 20) and mice (16)
by feeding a diet containing a cholesterol synthesis inhibitor
(lovastatin) and a bile acid binding resin (colestipol), the amount
of nuclear SREBP-2 increased. This is the same response that is
observed in cultured nonhepatic cells, and it leads to increased
transcription of the genes encoding the cholesterol biosynthetic
enzymes and the low-density lipoprotein receptor. In cultured
cells, cholesterol deprivation also increases the amount of nu-
clear SREBP-1, but the opposite occurred in liver where nuclear
SREBP-1 actually fell after treatment with lovastatin and Co-
lestipol (16, 19).

A possible explanation for the discrepant regulation of
SREBP-1 in liver and nonhepatic cells emerged from the recent
finding that transcription from the SREBP-1c promoter but not
the SREBP-1a promoter is stimulated by the nuclear hormone
receptor LXR (7, 8). LXR was identified originally as an orphan
nuclear hormone receptor that acts by forming heterodimers
with the ubiquitous dimerizing partner, RXR (21). Janowski et
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al. (22) showed that LXR is activated by a variety of sterols
including 22(R)-hydroxycholesterol and 24(S),25-epoxycholes-
terol. The latter is an intermediate in the synthesis of cholesterol
(23). In mice lacking one of the two isoforms of LXR (a
isoform), the level of total SREBP-1 mRNA in liver was reduced
moderately (24). In mice homozygous for a knockout of both
isoforms of LXR (a and b), the level of SREBP-1c mRNA in
liver and intestine was barely detectable (7). In normal mice and
hamsters, the level of SREBP-1c mRNA was increased when the
animals were treated with T0901317, a nonsterol synthetic ligand
of LXR (7, 8). This response did not occur in LXR-ayLXR-b
double-knockout mice. The mRNAs for SREBP-1a and
SREBP-2 were not affected by these treatments, indicating that
the LXR induction is specific for the SREBP-1c promoter.
Consistent with these findings, an LXR binding site was iden-
tified in the SREBP-1c promoter, and disruption of this binding
site abolished the response to T0901317 (7).

The data on SREBP-1c in liver suggest a model in which excess
sterols activate the transcription of the SREBP-1c gene through
LXR, and this in turn leads to an increase in the synthesis of
unsaturated fatty acids, which are esterified to the excess cho-
lesterol, facilitating its storage (7). All the previous studies of
LXR have been performed in livers of intact animals. Further
understanding of this regulatory mechanism would be facilitated
by the availability of cultured-cell lines that mimic the behavior
of the intact liver. Human HepG2 cells, which often are used as
a tissue-culture model of liver cells, are not useful for this
purpose because they produce more SREBP-1a than SREBP-1c
mRNA, and thus they resemble nonhepatic cells in tissue cul-
ture (16).

In the current paper, we describe a line of cultured rat
hepatoma cells designated McA-RH7777 that mimics the liver in
producing high levels of SREBP-1c mRNA and protein. We
provide evidence that this production depends on the synthesis
of an endogenous sterol that activates LXR. When synthesis of
this sterol is blocked by an inhibitor of 3-hydroxy-3-
methylglutaryl (HMG) CoA reductase, the level of SREBP-1c
mRNA falls, again mimicking the behavior of the liver. The
SREBP-1c mRNA is restored by treatment of cells with meva-
lonate, the product of the HMG CoA reductase reaction, and by
ligands for LXR, 22(R)-hydroxycholesterol and T0901317.

Materials and Methods
Materials. We obtained N-acetyl-leucinal-leucinal-norleucinal
(ALLN) from Calbiochem, [a-32P]CTP [800 Ciymmol (1 Ci 5
37 GBq)] from Amersham Pharmacia, and cholesterol, 25-
hydroxycholesterol, and 22(R)-hydroxycholesterol from Ster-
aloids (Wilton, NH). Sodium mevalonate and sodium compactin
were prepared as described (25, 26). The LXR-agonist T0901317
was provided kindly by Bei Shan of Tularik, Inc.. FCS
(GIBCOyBRL) was delipidated by a modification of the method
of Cham and Knowles (27) as described (18). In 12 preparations
of delipidated FCS, the mean concentration of free fatty acids
was reduced from 840 to 7.7 mM, the mean concentration of
cholesterol was reduced from 280 to 7.5 mgyml, and the mean
concentration of triglycerides was reduced from 600 to
23 mgyml.

Culture and Fractionation of McA-RH7777 Cells. The rat hepatoma
cell line, McA-RH7777 (CRL-1601; American Type Culture
Collection) (28), was maintained in monolayer culture at 37°C in
a 5%-CO2 incubator. On day 0, cells were set up at a density of
7 3 105 cells per 100-mm dish in medium A [DMEM (low
glucose) containing 100 unitsyml penicillin and 100 mgyml
streptomycin sulfate] supplemented with 10% (volyvol) FCS.
On day 2, cells were washed with PBS and refed with medium B
(medium A supplemented with 10% delipidated FCS) contain-
ing the appropriate additions. After incubation for 15 h at 37°C,

cells received 25 mgyml ALLN and were incubated further for
an additional 1 h. Cells were harvested and fractionated into
nuclear extract and membrane pellet fractions as described (12).

SDSyPAGE and Immunoblot Analysis. Immunoblot analysis of en-
dogenous rat SREBP-1 and SREBP-2 was carried out with
rabbit polyclonal antibodies against the NH2-terminal domains
of SREBP-1 (IgG-295) and SREBP-2 (IgG-302), respectively
(6). Bound antibodies were visualized with peroxidase-
conjugated affinity purified donkey anti-rabbit IgG (Jackson
ImmunoResearch) by using the SuperSignal CL-HRP substrate
according to the manufacturer’s instructions. 8% SDS gels were
calibrated with prestained molecular-weight markers (Bio-Rad).
Blots were exposed to Kodak X-Omat film at room temperature.

RNase Protection Assay. A cDNA fragment for rat SREBP-2 was
amplified by PCR using rat liver first-strand cDNA (CLON-
TECH) as template and degenerate primers derived from con-
served hamster and human SREBP-2 sequences as follows:
59-primer (sense), 59-GAGCTGACTCTCGGGGACAT-39; and
39-primer (antisense), 59-ACTGCCGCCACCACCTCCAG-39.
The amplified cDNA fragment was subcloned into pCRII (In-
vitrogen). The insert was sequenced to confirm its identity. After
linearization of plasmid DNA with XbaI, antisense RNA was
transcribed with [a-32P]CTP by using bacteriophage SP6 RNA
polymerase (Ambion, Austin, TX). The rat SREBP-1 and b-
actin cRNA probes were labeled as described (6). Specific
activities of the transcribed RNAs were in the range of '2 3 109

cpmymg for the SREBP-1 and SREBP-2 cRNAs and '6 3 108

cpmymg for the b-actin cRNA.
Total RNA was isolated from duplicate dishes of monolayers

of McA-RH7777 cells by using the RNA Stat-60 kit (Tel-Test,
Friendswood, TX). Aliquots of total RNA (20 mg) from each
sample were hybridized in the same reaction with 32P-labeled
probes for rat SREBP-1, SREBP-2, and b-actin cRNAs at 68°C
for 10 min by using a HybSpeed RPA kit (Ambion). After
digestion with RNase AyT1, protected fragments corresponding
to rat SREBP-1a (257 bp), SREBP-1c (160 bp), SREBP-2 (110
bp), and b-actin (75 bp) were separated on 8 M ureay5%
polyacrylamide gels. Gels were dried and subjected to autora-
diography by using reflection film and BioMax intensifying
screens (Kodak) at 280°C. Relative levels of the three SREBP
transcripts were quantified with a Fuji Bio-Imaging analyzer, and
the data were corrected for differences in the number of
32P-labeled CTP atoms in the protected fragments of SREBP-1a,
-1c, and -2 mRNAs (72, 39, and 35 cytidines, respectively).

Results
To study the regulation of SREBP-1c in hepatocytes, we selected
McA-RH7777 cells, which were derived originally from a rat
hepatoma (28). These cells are designated CRL-1601 in the
ATCC catalogue. When the McA-RH7777 cells were incubated
in delipidated FCS, the amount of SREBP-1c mRNA was
'3-fold greater than that of SREBP-1a, as determined by an
RNase protection assay (Fig. 1, lane 1) and quantified by using
a PhosphorImager. This ratio approaches that of the normal rat
liver (9:1), and it is strikingly different from the ratio in
nonhepatic cultured cells, where the SREBP-1a mRNA mark-
edly exceeds that of SREBP-1c (16). The amount of SREBP-2
mRNA was approximately equal to the sum of SREBP-1a and
SREBP-1c (Fig. 1, lane 1). The addition of 25-hydroxycholes-
terol at 1 mgyml (2.5 mM) partially reduced the amount of
SREBP-1c mRNA but had no major effect on the other two
transcripts (Fig. 1, lane 3).

When the McA-RH7777 cells were incubated in the presence
of the HMG CoA reductase-inhibitor compactin, the amount of
SREBP-1c mRNA fell dramatically (lane 4), and this fall was
restored partially by 25-hydroxycholesterol (lanes 5 and 6).
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Again, there was no effect on the mRNA for SREBP-1a or
SREBP-2. The addition of the LXR-agonist T0901317 raised the
amount of SREBP-1c mRNA selectively (lane 7), and this result
was reversed partially by 25-hydroxycholesterol (lanes 8 and 9).
In the presence of T0901317, compactin failed to suppress the
SREBP-1c mRNA (compare lanes 10 and 4). Under these
conditions, the further addition of 25-hydroxycholesterol par-
tially suppressed the SREBP-1c mRNA. All these changes in
SREBP-1c mRNA were selective in that they did not apply to the
SREBP-1a transcript, which is derived from the same gene.

To determine the effects of these reagents on SREBP protein
levels, we harvested the cells, prepared nuclear extracts and
membrane pellets, and performed SDSyPAGE and immuno-
blotting with antibodies specific for SREBP-1 or SREBP-2. The
SREBP-1 antibody does not distinguish between SREBP-1a and
SREBP-1c, which differ by only a few amino acids at their NH2
termini. As shown in Fig. 2, when the McA-RH7777 cells were
incubated in delipidated serum, the addition of 25-hydroxycho-
lesterol caused a marked decrease in nuclear SREBP-2, but only
a partial decrease in nuclear SREBP-1 (lane 3). The selective
suppression of nuclear SREBP-2 by sterols in delipidated serum
is similar to the result obtained previously in the nonhepatic
human cell line HEK-293 (18). The earlier study showed that this
selectivity was caused by the lack of fatty acids in the medium.
Suppression of SREBP-1 cleavage but not of SREBP-2 requires
the presence of both sterols and unsaturated fatty acids.

The addition of compactin eliminated both the precursor and
nuclear forms of SREBP-1 (Fig. 2 A, lane 4), which is consistent
with the reduction in the SREBP-1c mRNA (Fig. 1, lane 4). The
25-hydroxycholesterol partially restored the SREBP-1 precur-
sor, and it also increased the nuclear form of SREBP-1 (Fig. 2 A,
lane 6), which is consistent with its ability to raise the SREBP-1c
mRNA (Fig. 1, lane 6). In direct opposition to its negative effects

on SREBP-1, compactin raised the amount of nuclear SREBP-2
(Fig. 2B, lane 4) presumably by enhancing proteolytic process-
ing, and this effect was reversed by 25-hydroxycholesterol (Fig.
2B, lane 6). In the absence of compactin, T0901317 had little
effect on SREBP-1 levels, and it did not affect the response to
25-hydroxycholesterol (Fig. 2 A, compare lanes 7–9 with lanes
1–3). However, T0901317 did prevent the suppression of
SREBP-1 levels by compactin (Fig. 2 A, compare lanes 10 and 4)
as expected from its ability to prevent the compactin-mediated
suppression of the SREBP-1c mRNA (see Fig. 1). T0901317 had
little effect on SREBP-2 either in the absence or presence of
compactin (Fig. 2B, compare lanes 7 and 1; lanes 10 and 4).

To test further the hypothesis that T0901317 is acting through
LXR, we compared its effects with those of 25-hydroxycholes-
terol, which is a weak ligand for LXR, and 22(R)-hydroxycho-
lesterol, which is a strong ligand (22). In the absence of com-
pactin, 25-hydroxycholesterol partially reduced the amount of
SREBP-1c mRNA (Fig. 3, lane 3) as seen in Fig. 1. The
22(R)-Hydroxycholesterol and T0901317 had no such effect
(lanes 4 and 5). Cholesterol, which is not a ligand for LXR, also
had no effect (lane 2). As expected, compactin markedly lowered
the amount of SREBP-1c mRNA (lane 6), and this effect was
reversed by T0901317 (lane 10). It also was reversed strongly by
22(R)-hydroxycholesterol (lane 9) and only slightly by 25-
hydroxycholesterol (lane 8). Cholesterol had no effect (lane 7).
None of these reagents had a significant effect on the SREBP-1a
transcript or on the SREBP-2 transcript.

The sterol specificity observed at the mRNA level was re-
f lected at the protein level (Fig. 4). In the absence of compactin,
25-hydroxycholesterol lowered the amount of nuclear SREBP-1
apparently through its ability to block proteolytic processing of
the precursor. Cholesterol, 22(R)-hydroxycholesterol, and
T0901317 had no such effect. In the presence of compactin, the
SREBP-1 precursor and nuclear forms were markedly de-
creased, and this effect was reversed by 22(R)-hydroxycholes-
terol and T0901317 (lanes 9 and 10). The 25-hydroxycholesterol

Fig. 1. Reduction of SREBP-1c transcripts after treatment of cultured McA-
RH7777 cells with compactin and reversal with LXR-agonist T0901317. On day
0, cells were set up in medium A supplemented with 10% FCS as described in
Materials and Methods. On day 2, the cells were washed with PBS and
switched to medium B containing 10% delipidated serum with (lanes 4–6 and
10–12) or without (lanes 1–3 and 7–9) 50 mM sodium compactin and 50 mM
sodium mevalonate. Certain dishes also received a mixture of cholesterol (10
mgyml) and increasing concentrations of 25-hydroxycholesterol (25-HC) as
indicated. Some of the cells received 10 mM of T0901317. After incubation at
37°C for 16 h, cells were harvested, and 20-mg aliquots of total RNA from
pooled dishes were hybridized for 10 min at 68°C to 32P-labeled cRNA probes
for rat SREBP-1, SREBP-2, and b-actin as described in Materials and Methods.
After digestion with RNase AyT1, protected fragments were separated by gel
electrophoresis and exposed to film for 8 h at 280°C as described in Materials
and Methods. The relative levels of the SREBP-1a, -1c, and -2 transcripts in lane
1 were 1.0, 2.9, and 4.6, respectively, as quantified by using a PhosphorImager
as described in Materials and Methods.

Fig. 2. Effect of LXR activation and cholesterol synthesis inhibition on mem-
brane and nuclear SREBPs in McA-RH7777 cells. On day 0, cells were set up and
treated identically to those described in Fig. 1. On day 3, after a 16-h incuba-
tion at 37°C, cells received ALLN at 25 mgyml and were harvested 1 h later.
Aliquots of membrane and nuclear extract fractions (for A and B: Upper, 60 mg
protein per lane; Lower, 80 mg proteinylane) were subjected to SDSyPAGE.
Immunoblot analysis was carried out with 5 mgyml rabbit anti-rat SREBP-1 (A)
or anti-rat SREBP-2 (B). Filters were exposed for 5–10 s at room temperature.
P, SREBP precursor forms; N, nuclear cleaved forms of SREBP-1c (A) and
SREBP-2 (B).
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restored the SREBP-1 precursor, but there was no nuclear form
(lane 8), apparently because 25-hydroxycholesterol blocked pro-
teolytic processing. (Note that the concentration of 25-
hydroxycholesterol used in this experiment was 4-fold higher
than the highest used in Fig. 2). Cholesterol had no effect. With
respect to SREBP-2, 25-hydroxycholesterol reduced the nuclear
form in the absence and presence of compactin (lanes 3 and 8).
T0901317 had no major effect on SREBP-2 (lanes 5 and 10). The
22(R)-hydroxycholesterol reduced nuclear SREBP-2 partially in
the absence (lane 4) and presence (lane 9) of compactin,
apparently because this sterol has some ability to block proteo-
lytic processing.

Up to this point, the data are consistent with the possibility that
the production of SREBP-1c mRNA requires an endogenous LXR
ligand that is produced through the cholesterol biosynthetic path-
way. Compactin blocks the synthesis of this ligand and therefore
leads to a fall in SREBP-1c mRNA levels, which are restored when
cells are supplied with an exogenous ligand, either T0901317 or
22(R)-hydroxycholesterol. If this hypothesis is true, then the com-
pactin-mediated fall in SREBP-1c mRNA should be abrogated if
the cells are treated simultaneously with mevalonate, which is the
product of the HMG CoA reductase reaction (29). The experiment
of Fig. 5A shows that the SREBP-1c mRNA was reduced by
compactin (lane 5), and this reaction was prevented when the
medium contained 20 mM mevalonate (lane 6). The effect of
mevalonate was as great as that of T0901317 (lane 7). The con-
centration of mevalonate used in this experiment was high, because
cultured cells have an inefficient process for mevalonate
uptake (30).

At the protein level, mevalonate abolished processing of
SREBP-2 and partially inhibited processing of SREBP-1 (Fig.
5B, lanes 2 and 4). In the presence of compactin, mevalonate
restored the SREBP-1 precursor (lanes 5 and 6), but it did not
restore fully the nuclear form presumably because of a block in
proteolytic processing. The mevalonate-mediated block in
SREBP-1 processing was evident also in the presence of com-
pactin plus T0901317 (lanes 7 and 8). T0901317 restored both the
precursor and nuclear forms of SREBP-1 (lane 7), and the
further addition of mevalonate selectively reduced the nuclear
form (lane 8).

Discussion
The current results provide evidence that the basal level of tran-
scription of the SREBP-1c gene in cultured rat hepatoma cells
depends on tonic activation of LXR by an endogenously synthesized
sterol. When synthesis of this sterol is blocked by the HMG CoA
reductase inhibitor compactin, the SREBP-1c transcript falls mark-
edly, and it is restored when the cells are supplied with the
LXR-ligands T0901317 or 22(R)-hydroxycholesterol. It is restored
also by mevalonate, the product of the HMG CoA reductase
reaction. The nature of the endogenous LXR ligand is unknown but
a candidate is 24(S),25-epoxycholesterol, which is an intermediate
in cholesterol synthesis (23) and a potent LXR ligand (22). Al-
though the current experiments were performed with a single line
of cultured rat hepatocytes (McA-RH7777), qualitatively similar
results have been obtained with another line of cultured rat
hepatoma cells (FT02B cells; unpublished observations).

The effects of 25-hydroxycholesterol on SREBP-1c mRNA
levels were complex. Three responses were observed: (i) when
administered alone, 25-hydroxycholesterol decreased the
SREBP-1c mRNA partially (Fig. 1, lanes 1–3); (ii) when admin-
istered to compactin-treated cells, 25-hydroxycholesterol in-

Fig. 3. Induction of SREBP-1c transcripts in McA-RH7777 cells after treat-
ment with LXR ligands. On day 0, cells were set up as described in Fig. 1. On
day 2, the cells were washed with PBS and switched to medium B with (lanes
6 –10) or without (lanes 1–5) 50 mM sodium compactin and 50 mM sodium
mevalonate. The indicated sterol or the LXR-agonist T0901317 was added
at a final concentration of 10 mM. After incubation for 16 h at 37°C, cells
were harvested, and aliquots of total RNA (20 mg) from pooled dishes
were hybridized for 10 min at 68°C to 32P-labeled cRNA probes for rat
SREBP-1, SREBP-2, and b-actin. Protected fragments were separated by gel
electrophoresis and exposed to film for 8 h at 280°C as described in
Materials and Methods. 25-HC, 25-hydroxycholesterol; 22(R)-HC, 22(R)-
hydroxycholesterol.

Fig. 4. Effect of various LXR agonists on SREBP processing in McA-RH7777
cells in the absence or presence of compactin. On day 0, cells were set up and
treated identically to those described in Fig. 3. On day 3, after a 16-h incuba-
tion at 37°C, the cells received ALLN at 25 mgyml and were harvested 1 h later.
Membrane and nuclear extract fractions were prepared, and aliquots (80 mg
protein) were subjected to SDSyPAGE. Immunoblot analysis was carried out
with 5 mgyml rabbit anti-rat SREBP-1 (A) or anti-rat SREBP-2 (B). Filters were
exposed for 1–10 s at room temperature. P, SREBP precursor forms; N, nuclear
cleaved forms of SREBP-1c (A) and SREBP-2 (B); 25-HC, 25-hydroxycholesterol;
22(R)-HC, 22(R)-hydroxycholesterol.
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creased the SREBP-1c mRNA, partially overcoming the
compactin-mediated decrease (Fig. 1, lanes 4–7); and (iii) when
administered in the presence of T0901317, 25-hydroxycholes-
terol blocked the elevation in SREBP-1c mRNA (Fig. 1, lanes
7–9 and 10–12). All three observations can be explained by the
previous finding that 25-hydroxycholesterol is a weak activator of
LXR (22). At saturation, 25-hydroxycholesterol produces only
one-sixth of the activation that is produced by the presumed
endogenous ligand 24(S),25-epoxycholesterol (22). In the intact
cell, 25-hydroxycholesterol might displace the more active en-
dogenous ligand from LXR and thereby reduce the activation of
the SREBP-1c promoter. Because 25-hydroxycholesterol does
have some agonist activity, it would restore SREBP-1c mRNA
partially when synthesis of the endogenous ligand is blocked by
compactin. Finally, 25-hydroxycholesterol should compete with
T0901317 for binding to LXR thereby lowering activation in the
presence of this compound.

The results in cultured hepatoma cells provide a likely expla-
nation for the previous finding that nuclear SREBP-1 declines in
hamster (19) and mouse (20) liver when the livers are depleted
of sterols by administration of an HMG CoA reductase inhibitor

and a bile acid binding resin. They also explain the finding that
SREBP-1c transcripts and nuclear SREBP-1c levels are reduced
in livers of mice with a combined knockout of the LXR-a and
-b genes (7).

The current results also provide a potential explanation for
the fall in plasma triglycerides that occurs when humans are
treated with high doses of potent HMG CoA reductase
inhibitors (31). If these inhibitors reduce SREBP-1c levels in
human livers, then the rate of fatty acid synthesis would be
expected to fall, which in turn may lead to a fall in the
triglyceride content of newly secreted very low-density li-
poproteins (32). It should be possible to test this hypothesis in
experimental animals.
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